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Tne f i r s t  i,leasureilients o f  t:in i s o l i n i *  curve o f  t h e  l u n d r  surface 
were obtained by P e t t i t  and  ?,icriolson i r l  193u, durinq s l u n a r  ecl ipse.  
The extreiwly n ign  coolinu ra te  t n a t  tney abserved f i r s t  leu t o  the 
conclusion that  the surface of the ::oon &as covereu w i t h  a layer o f  
J 
d u s t .  Later rneasurewnts by P e t t i t  ( 2 )  ana sy Sinton ( 3 )  also obtained I 
d u r i n g  ecl ipses ,  confirmed the results of the early neasurements. 
Duri-ng the lunar ecl ipse o t  :larch, 13511, bhor th i l l ,  dorouah, and 
Conley ( 4 ) ,  u s i n g  a bolometer detector, discoverea t n a t  certain 
regions coolea l e s s  rapidly than otilers, and aurinq tne second ecl ipse 
I 
Y 
of t h a t  year,  Saari and S h o r t h i l l / !  @!i s u r e d  isotherms o f  l u n a r  crater  
regions and found nuinerous therr.ia1 anoriisl i es .  
I n  1951, Geffrion, Korner, and Sinton ( 6 )  obtainea i so therm 
over the lunar surface over an en t i re  lunation by scanning from the 
terminator in to  the lunar n i c j h t t i i n e  recjion. 
di lcey ( 7 )  and Murray, 'westphal,  d n i  Ailaey ( 8 )  have used a inercury- 
doped gernianium iletector f o r  sinii l a r  nieasdrerwnts. 
sensl ' t ivity tha t  resulted from the use o f  this detector enablea them 
t o  obtain meaningful measurenents froiii reqions o f  the disc  as iiiuch as 
160 hours a f t e r  the passaqe o f  the ten'iindtor, when the surface nas 
cooled t o  105°K. !.;hereas the e a r l l e r  ecl ipse uata Gave information 
only about the f i r s t  few millimeters beloN the surface,  these l a t e r  
Ineasureinetits are affected by tne cr,dr?cter o f  iI.aturial lyin? JS l?sucn as 




- i  
several centiriieters below the surface. The iiiost ir;iportant gross 
feature of t he i r  data i s  the ilepartlcr? o f  tne  Gbserved cooling curves 
from theoretical  curves based on the &s-uiIiption o f  a surface layer 
t ha t  i s  homogeneous i n  d e p t h .  
A t  the inception of our  research, i t  was decided t h a t  i t  would 
be f ru i t l e s s  t o  attempt t c  l x k e  L;si3fui rwd~urer :mts  uithout a mercury- 
dopeo qenrianimi rietector. 
several uetectors were fabri  cateil f ro: '  gert..ar:iuin iritc bini ch iiterc!;ry 
had been aiffusecl f o r  ten clays a t  A \ J ~ % - L . O ~ ' C ,  a n d  2 cr!lde prototype 
radioine'ter was constructed fo r  use :vi tn these aetectcrs .  I t  was in- 
tended t h a t  t h i s  apparatus, t h e  b u i l d i n 9  of wh-ich occupiec the f i r s t  
quarter ,  woula be used for  observations luring the l u n a r  ecl ipse of Dec. 
1964, ana t h a t  i t  would serve t o  p o i n t  u p  aesign proDlem tha t  might 
not otherwise be foreseen. A ;lass-to-nata seal fa i led  in the l a s t  
moments before the ecl ipse,  so t h a t  n u  d a t a  were cbtaineu. 
type instrument was abandoneci a f t e r  the f o l  wing had been ascertained: 
5 ince  CI-ICS:: , 4 e r ~  not  c3::i~ercia'I l y  z v a i  l ao l e  , 
Tne p r o t o -  
( a )  Because of the extremely s h a l  low penetration of ilrrcirry 
in to  gemanium during diffusion, diffused detectors would be inadequate 
f o r  measurements on the d a r k  side of the teniiinator. 
(b) The use of a nitro2en-helium Gewar for cooling tne detector 
shgulti  be avoided i f  possible. 
( c )  The noise introduced by s t ray  f i e lds  from the power led& 
t o  the radiation chopper made i t  ailvisahle t o  use a choppins frequency 
d i f fe ren t  from the power frequency (4dO cps).  
After some correspondence, solfie pieces of inel t-doped Ge(Hg) were 
obtained on permanent loan from the Texas Instrunients tnrouqh the  
i .  
. L  
i 
I 
I .  
courtesy of Dr. George Prlrett. TW design o f  the detectors fabricated 
from this  material i s  snown i n  Fiwre 1 .  The qenxiniuiir i s  in the fori!; 
o f  a rectangular rod, approximately 1 x 1 x 7 !SI. Electrodes are 
indium-soldered t o  two opposite lonc; faces ,  over an electro-aeposited 
fi lm o f  nickel. T h i s  
electrode i s  rriadc cf Kov~r ,  tEcdi:se i t  h a S  a tenperat.ure coeff ic ient  
of expansion close t o  t h a t  o f  ; , e r ! , ,dn iu i i .  
wire. Radiation i s  inciaent on the ( 1  x 1 i;lfil) face o f  w e  rod. 
The rod is supportecl by one o f  tne electrodes.  
T 3 e  o the r  iiectrocie i s  q o l ~  
The cetectcr  is  cooled by a Iiliniaturc Joule-KPivin r ~ f r i q e r a t o r ,  
operated by the expansion o f  ni troqer! dnci hydrocjen fro!?  coiripressecl- 
gas cylinders. This  u n i t  can prov'ide u p  to  four watts o f  coolinc; a t  
20'K. 
can be operated i n  any position. 
aluminum iieat shield a t  about 2 i j y K J  and this  i n  tl;rn i s  surroundeb by 
a heat shield a t  77Oi(.  
cooted for  rnaxiiw!ii transmission a t  13 rriicrons. Insicie the re f r i f je ra ta r ,  
i t  passes througn a f i l t e r  w i t h  a sharp  cutoff a t  8 riiicrons. Tne f i l t e r  
serves t o  eliminate atnmspheric racliation i n  the wavelen!th region 
below 8 microns. 
sh i e l a ,  i n  order t o  minimize radiation from the f i l t e r  i t s e l f .  
The r e f r  gerator has the acvantage over a double dewar, c h a t  i t  
T h e  cietector i s  surrounded by an 
n 
Radiation i s  incident on a c.;erinaniurii winuow 
I t  i s  mounted on the end o f  the low-telIiperature heat 
The area seen by the detector i s  defined by a c i rcu lar  aperture 
The back. s ide  mounted  about 1/2 m ahead of the end of tnc detector.  
o f  the aperture plate  is  made reflecting s o  tha t  any radiation re- 
f lected frorn the detector will be reflected from the plate  back onto 
the detector.  
Tne re f r igera tor  was delivereci only two N e € k S  before the d d t e  of  
tnis report ,  so that  the detector nis n o t  y e t  been testeL!.  Af ter '  the 
one now ins ta l lcu  i n  the r?frigf.ratcJr ‘Ids been t e s t e ( 4 ,  others will  5e 
manufactured, a n c  the best will be criiispr for act i la l  use. 
A CIOUble-Deam radiometer (Figire  2 )  nds been conscructed for  ilse 
w i t h  the Ge(Hg) detector. I t  i s  so constructed t h a t  a rotat ing shut te r  
presents raciiation t o  the oetector a1 ternately froti, the object under 
surveillance and fro11 eir;Fty s p z c e .  r,;ese two inciaent ;)e3’1:5 dre ciesicj- 
After r 2 f l s c t i m  fro:r Yd, i t  4 ‘  sidec: mirror ?I2, thence t o  X.. and :.: 5 
passes between t h e  blaces o f  the  i ;hLtter anc o n t o  the detector.  Durinc 
1 ’  the other nalf-cycle, the rddiation alonq p a t h  i i s  ref lected frob;] ’’ 
the reverse side of t*i the (now internoseo) ref lcct inc surface of the 
shu t t e r ,  mi thence into the detector. 
2 ’  
nated a t  A and i; respectively in tilt? t ic;urt .  
radiation a l o n y  t n e  path A i s  reflecterl o n t o  one s i c L  u f  ths two- 
3uriG.j one half-cycle,  
t 
i I 
The radiometer mirrors are  3 l d s S  f l a t s  tes te0 t o  d I:iaximum de- 
viation from f la tness  of one wavelength of  socliulri l i gh t .  They a r e  
coated with an evaporated g o l d  film. The shut te r  has three  blades. I t  
i s  cut from a single glass f ? a t  and, l ike  the itiirrors, i s  golU- 
coated. I t  i s  fastened t o  a metal backincj vrith epoxy resin,  ana i s  
perpendicular t o  the axis of rotation within 3 mfn,. Tne shut te r  
has been successfully tested a t  i t s  operating rotation frequency o f  
200/sec. 
The en t i r e  radiometer fissenibly weighs about E pounds, so tha t  i t  
is  easi ly  supporteu a t  the cassegrainian focus of the telescope. For 
planetary and s t e l l a r  measurements, the raaiometer will be muntec a t  
the Newtonian focus o f  the telescope ir, order t o  take ativantage of the 
resul t ing 4 : l  reduction i n  the focal r a t io .  This moilnting will not be 
completes for  some weeks, tiowever. 
Signals f r c i  tile detector dre a t ~ n l i f i e 3  by a PHI? p rearp l i f ie r  
and lock-in amplifier, and thence t o  a recorder. A a ig i t a l  readout 
u n i t  i s  available,  and a computer proqram f o r  plott ing contours has 
been written f o r  the computer, so t h a t  i t  rr.ay event2ally be possible 
t o  plot  isotherms autoinatically. 
device tha t  will t ransfer  d a t a  from t h e  redoout tape t o  the cor,iputer 
tape. 
Titis requires the adtiition of a 
( 1 )  E .  P e t t i t  and S .  E. h i c h o l s o n ,  Ap. 3 .  71,  ._ 130 ( l J 3 0 )  
( 2 )  
( 3 )  
( 4 )  
E. Pett i t ,  Ap. J .  91, 408 (1943) 
A. M. S i n t o n ,  Lowell Obs. Y u l l ,  - 5 ,  25  (1360) 
R .  ,4. S h o r t h i l l ,  t!. C .  ;;oroLjtj, arid J .  '4. Conley, P i h l .  A . S . P .  - 77,  
431, (1960)  
R .  h'. S h o r t h i l l  ana J .  C1. S a a r i ,  Icarus - 2, 115 (1963)  ( 5 )  
(5) A .  G e o f f r i o n ,  M. Koerner, dnd .i. i4. S i n t o n ,  Lowell Obs. b u l l  5 ,  1 (1960) 
( 7 )  3 .  C .  blurray and R .  L .  d i l s e y ,  ~ p .  Journ .  139, 733 (1964)  







T h e  E f f e c t  of  G r a v i t a t i o n a l  F i e l d s  on 'Enzvmatic 
R e a c t i o n  O c c u r r i n g  i n  Inhomogeneous Sys tems . 
R .  K .  Burkhard,  Department of B i o c h e m i s t r y  
NASA G r a n t  NsG-692 
T h e  s t u d y  o f  how g r a v i t a t i o n a l  f i e l d s  a f f e c t  e n z y m a t i c  r e d u c t i o n  of  neo- 
t e t r a z o l i u m  c h l o r i d e  by an enzyme sys tem i n  h e a r t  m i t o c h o n d r i a  h a s  been  c o n t i n u e d .  
P r e v i o u s l y  i t  was shown t h a t  c e n t r i f u g a t i o n  i n c r e a s e d  t h e  ra te  o f  t h i s  r e a c t i o n  
and  t h a t  t h i s  i n c r e a s e  was n o t  simply due t o  a r ise i n  t e m p e r a t u r e ,  n o r  a n  i n c r e a s e  
i n  movement o f  enzyme p a r t i c l e s  which would o c c u r  d u r i n g  c e n t r i f u g a t i o n .  It h a s  
s i n c e  been-shown t h a t  t h e  i n c r e a s e  i n  r e a c t i o n  ra te  i s  almost e n t i r e l y  due  t o  
t h e  i n c r e a s e d  c o n c e n t r a t i o n  of  t h e  enzyme t h a t  accompanies  c e n t r i f u g a t i o n .  
d 
T h e  e f f e c t  o f  c e n t r i f u g a t i o n  can be d e c r e a s e d  by  i n c r e a s i n g  t h e  d e n s i t y  o f  
t h e  r e a c t i o n  medium. T h i s  i s  p r o b a b l y  due t o  a n  i n c r e a s e  i n  v i s c o s i t y  a n d  con- 
c o m i t a n t  d e c r e a s e  i n  ra te  of  movement of  t h e  enzyme. It  was of i n t e r e s t  t o  
o b s e r v e  t h a t  c e n t r i f u g a t i o n  i n c r e a s e d  t h e  r a t e  of r e a c t i o n  even when t h e  v i s c o s i t y  
of  t h e  medium was greater t h a n  t h a t  of  p r o t o p l a s m  a n d  t h e  c e n t r i f u g a t i o n  d i d  n o t  
r e s u l t  i n  complete s e d i m e n t a t i o n  of t h e  enzyme. 
T h e  e f f e c t  o f  c e n t r i f u g a t i o n  upon e n z y m a t i c  a c t i v i t y  was found t o  be re la ted 
t o  r e l a t i v e  c e n t r i f u g a l  f o r c e .  
c h l o r i d e  was 60% greater t h a n  t h e  c o n t r o l ;  a t  l o w  r e l a t i v e  c e n t r i f u g a l  f o r c e s  
(e .g . ,  50 x g )  no e f f e c t s  o f  c e n t r i f u g a t i o n  c o u l d  be d e t e c t e d .  
A t  3000 x g t h e  r e d u c t i o n  o f  n e o t e t r a z o l i u m  
T h e  p o s s i b l e  e f f e c t  t h a t  c e n t r i f u g a t i o n  might  h a v e  on a homogeneous s y s t e m  
w a s  s t u d i e d  by u s e  o f  s u c r o s e  and  i n v e r t a s e .  
u n a f f e c t e d  by c e n t r i f u g a t i o n .  
T h i s  s y s t e m  w a s  e s s e n t i a l l y  
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The r e s u l t s  obta ined  to d a t e  s u g g e s t  t h a t  t h e  metabol i sm of l i v i n g  systems 
can b e  a l t e r e d  by changing t h e  g r a v i t a t i o n a l  f i e l d  of t h e i r  environment.  
h 
R .  K .  k r k h a r d  
September 20, 1965 
I 
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/ .  
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N e s r i l l  E .  X o h l e  anr:  ' , fa l ter  F. Daves 
Department  of Psychology 
NASA C r a n k  :JsG 6 9 2  
During  t h e  s i x  month p e r i o d  t :ndinq August  31 ,  1 9 6 5 ,  a c t i v i t k s  
i n c l u d e d  ' t h e  f o l l o w i n g :  
(1) The I c o n i x  t h r e e  f i e l d  t a c h i s t o s c o p e  p u r c h a s e d  e a r l i e r  
was m o d i f i e d  i n  o r d e r  t o  a l l o w  t h e  p r e s e n t a t i o n  of s t i m u l i  d i f f e r i n g  
m i n u t e l y  i n  s p a t i a l  s e p a r a t i o n  a l o n g  the h o r i z o n t a l  m e r i d i a n .  
T h i s - m o d i f i c a t i o n  was made n e c e s s a r y  by v i r t u e  o f  t h e  f a c t ,  d i s -  
c o v e r e d  ea r l i e r ,  t h a t  s u b j e c t s  were a b l e  t o  p e r c e i v e  s p a t i a l  
d i f f e r e n c e s  smaller t h a n  c o u l d  be drawn by hand.  
(2') The r e l a t i o n s h i p  between i n t e r s t i m u l u s  i n t e r v a l  and  
a b i l i t y  t o  p e r c e i v e  t h e  c o i n c i d e n c e  o r  n o n - c o i n c i d e n c e  be tween 
t w o  b l a c k  l i n e s  p r e s e n t e d  t o  t h e  p e r i p h e r a l  r e t i n a  was i n v e s t i g a t e d .  
The l i n e s  w e r e  p r e s e n t e d ,  one above t h e  o t h e r ,  t o  t h e  p e r i p h e r a l  
r e t i n a  ( 4 . 7 5 O  n a s a l )  o f  t h e  r i g h t  e y e .  The o f f s e t  o f  t h e  t o p  
l i n e  p r e c e d e d  t h e  o n s e t  o f  t h e  bo t tom l i n e  by a n  i n t e r v a l  o f  10, 
2 5 ,  4 0 ,  5 5 ,  7 0 ,  85 ,  or 100 m s e c .  S u b j e c t s  were a s k e d  t o  r e p o r t  
wh ich  l i n e  w a s  n e a r e r ,  and t h e  v e r n i e r  a c u i t y ,  u s i n g  t h e  method 
o f  c o n s t a n t  s t i m u l i ,  w a s  t h u s  d e t e r m i n e d  u n d e r  e a c h  c o n d i t i o n .  
The r a t i o n a l e  w a s  as f o l l o w s :  i f  i n f o r m a t i o n  p r e s e n t e d  
b r i e f l y  t o  t h e  r e t i n a  has o n l y  a t r a n s i e n t  e f f e c t ,  as numerous 
e x p e r i m e n t s  have  d e m o n s t r a t e d ,  t h e n  a t a s k  r e q u i r i n g  t h e  combin- 
a t i o n  o f  e a r l i e r  i n f o r m a t i o n  w i t h  l a t e r  i n f o r m a t i o n  s h o u l d  be 
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s e n s i t i v e  t o  v a r i a t i o n s  i n  i n t e r s t i m u l u s  i n t e r v a l .  I n  o t h e r  
words, t h e  " t i m e  c o n s t a n t "  of  d e c a y  o f  r e t i n a l  i n f o r m a t i o n  c o u l d  
he d e t e r m i n e d .  
The d a t a  c o l l e c t e d  i n  this expe r r inen t  is still i n  the 
p r o c e s s  o f  a n a l y s i s ,  a l t h o u g h  ?re1 i r i i n a r y  resul ts  a re  e n c o u r a q i n g .  
I t  i s  f e l t  t h a t  t h e  e x p e r i m e n t  s h o u l d  be r e p e a t e d ,  now t h a t  
t e c h n i ~ u e s  have been  somewhat r e f i n e d .  
i 
Manhat tan ,  Kansas 6 6 5 0 4  
Department of lndusfrisl Engineering 
Engineering Shopr Building 
September 27, 1965 
To : Research Coordinatine Council 
Kansas State University 
I From : G .  F. Schrader 
Department of Industrial Engineering 
Subject: Progress Report - NASA Grant No. NSG-692 
Title: Optimization of Space System Design 
Principal Investigator: Dr. G. F. Schrader 
The work accomplished and progress made on this project during the period 3/1/65 to 
8/31/65 is summarized as follows: 
1. The discrete version of the maximum principle was applied to obtain 
solutions for. optimum stage-weight distribution problems of multistage 
rocket vehicles. In the first approach the structure ratio was treated 
as a constant in each stage, although it was permitted to differ stage 
by stage. The second problem considered the variations in structural 
factors with stage weight. 
of optimum weight distribution which minimizes hardware weight. 
The third problem concerned the determination 
2. In reference to aerospace activities, transportation type problems find 
a variety of applications, particularly with respect to logistics in both 
space vehicle and ground support system allocation. An elegant stepwise 
approach to the solution of transportation type problems with linear and 
non-linear cost functions was attempted through the application of the 
discrete version of the maximum principle. 
paper entitled "A Discrete Maximum Principle Solution of Multidepot 
Transportation Problems with Linear Cost Function'' by G. F. Schrader, 
C. L. H w a n g ,  L. S. Fend and L. T. Fan was submitted for publication to 
the Journal of Production Research. 
As a result of this study a 
Another paper entitled "Application of the Discrete Maximum Principle 
to Transportation Problems vith Linear and Non-Linear Cost Functions" 
by C. L. Hwang, G: F. Schrader, et al, is under preparation. 
. 
3 .  The application of the maximum principle to optimal control of simple 
stochastic processes in both discrete and continuous cases was investigated 
in relation to its application to a variety of aerospace systems. 
results of t h i s  study w i l l  be explained in a special report entitled "The 
Stochastic Discrete Maximum Principle for Simple Proces8esn by S. K. Chen, 
C. L. Hwang, G. F. Schrader and L. T. Fan 
The 
I .  
!! 
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Annual Report o f  the Aork 
of 
NASA Grant NsG-692 
Experiments - w i t h  U l  travi olet  L i  q h t  
I 
Pr inc ipa l  Investigator: C. E. Y m d e v i  l l e  
Department o f  physics 
Kansas State Universi ty 
Manhattan, Kansas 1 September 1965 
I 
!. In t roduc t i on  
Tr:e purmse of these i r t v e s t i o d t i o r ' s  h a 5  i w n  t o  exrilore the  Ineanc-, 
of developing new soumes of u l t r a v i o l e t  l i q h t .  
a pe r iod  o f  t ime has bsen requ i red  t o  develop a l abo ra to ry  f o r  
u l t r a v i o l e t  studies.  
accumulated, and a search o f  the l i t e r a t u r e  h a s  been c a r r i e d  ou t  t o  
ob ta in  in format ion concerninci c e r t a i n  u l t r a v i o l e t  producing e f f e c t s .  
nur ina  t h i s  f i r s t  year  
Detectors and record ing devices have Seen 
! I .  The E f f e c t  Studied 
The e a r l i e s t  known observations of the e f fec t  u n d e r  cons idera t ion  
1 were repor ted  by th2  astronomer, Jean P icard  i n  1675. * e  noted t h a t  
' *  A. K o l f :  A H i s t o r y  o f  Science, Technolosy and Philosophy i n  the - - ,- --
--- ldth and 17th Centur ies (The YacMil lan Co., New York, 1935) D. 303 
when a mercury barometer i s  shaken, a v i s i b l e  b lue-whi te  glow develops 
i n  the reg ion  o f  t h e  T o r r i c e l l i a n  vacuum. 
renewed i n t e r e s t  i n  e l e c t r i c a l  e f fec ts ,  and a t  the  t u r n  o f  the 18th 
This d iscovery resu l ted  i n  a 
century, quan t i t a t i ve .  i nves t i qa t i ons  of the mercury e x c i t e d  " e l e c t r i c  
l i gh t "  were undertaken* by M r .  Fra. Hauksbee, F, R. S., cu ra to r  o f  the  
Fra. Hauksbee, Phi losophica l  Transactions p f  the Royal Society  o f  
- London 24, No. 303, 2130 (1705). 
-
~~ ~~~~ ~ 
Royal Society  o f  London. Of course, the  e a r l y  s tud ies  concerned 
themselves on ly  w i th  v i s i b l e  emission, whereas l a t e r  i n v e s t i g a t i o n s  have 
invo lved  the  u l t r a v i o l e t  emission as w e l l  3 . 
3* Katsuini I k e n w e  and Yoshiaki Sasada, Memoirs -- o f  the Defense - Acaheirv 
- of Japan, 11, No. 2, 49 (1962); - i b i d .  11, No, 2, 57 (1962). 
.. 
. ' -  
I '  
, 
4f te r  ~ w c l ,  Iireparatiov, a 'IUII- f r  <if j ' i i l d 4 . S  0 -  tile e f f ec t  h?ve 
been carried o u t  t o  deteri:intL t ' i e  g i e ' c l  rctf u l t r av io l e t  ohotons. 4 
por t ion  of the  apparatus ernnlojsd i s  rnmn i n  f i q u r e  1 ,  A ball  o f  
corninq 9741 ul t raviolEt  t r a n r n i t t l n r  glass (djameter 4.83an) i s  spun 
on t h e  shaft  o f  a small motor a t  E r ana inq  from zero t o  abou t  - 600.
From the nurnber of rpri a n d  t*:e dimcter  of tne b d ? l ,  i t  i s  qossible 
t o  calculate the re la t ive  veloci t !  o f  t h e  contiquous surfaces of  
mercury a n d  qlass. The inercur,. renia;qs re lat ively trotionless while 
the ball  spins. The ball  had t ,wn previously evacuated t u  mn 
Hg before the few grams of  mercury were added. 
y i e l d  was enhanced by a factor o f  IC Mnen helium t o  a par t ia l  pressure 
of 0.6 nm Hq was added, I t  i s  evideqt t h a t  the added helium shortens 
the mean f ree path, yielding more col l is ions and thus more quanta. 
Ultraviolet  l ines  are  well known t o  be Dresent in the arc discharge 
The ul t rav io le t  
spectrum of helium. 
The intensi ty  o f  the u l t rav io le t  emission, as recorded i n  an 
u l t r av io l e t  sens i t ive ,  photon counter (figure 1) .  i s  plotted as a 
function of  re la t ive  surface ve loc i t ies  i n  f igures  2 and 3 .  The 
u l t r av io l e t  s e n s i t h i t y  o f  the detector was monitored by noting i t s  
response to  a standard UV source i n  a standard oosit ion throughout 
the course o f  the investigation. Thus, the s c a t t e r  i n  position o f  
points along the curve, cannot be excjlained by f luctuat inq counter 
sens i t iv i ty .  
point i s  currently under investigation. 
I t  i s  thought to  be related t o  surface e f fec ts .  This 
111. Discussion - o f  Results 
T h e  photon emission observed in these exceriments resul ts  from 
discharqe occurring when t h e  contiguous surfaces of conductor a n d  
- 3 -  
I , .  
i n s u l a t o r  are charged and discnarqed by f r i c t i o n a l  e f fects ,  The 
accepted p i c t u r e  is t h a t  o f  f igure 4, showing metal and i n s u l a t o r  
adjacent. Electrons are considered t o  flow from *netal t o  i n s u l a t o r  
a t  the junc t ion ,  when contact  i s  made. E lect rons in the  conduction 
band o f  t h e  metal p a r t i c i p a t e  in t h i s  flow. When the surfaces 
are separated, the capaci ty  o f  the  req ion  o f  contact  decreases, t he  
p o t e n t i a l  r i ses ,  and a discharge occurs i n  the  gas. 
I V .  Future 
It i s  planned t o  continue study o f  the e f f e c t  dur ing the corning 
year  w i t h  emphasis upon temporal v a r i a t i o n s  o f  t he  e f fec t ,  spec t ra l  
- d i s t r i b u t i o n  of t he  energy of the  r a d i a n t  emission, etc. 
w i l l  be made t o  enhance t h e  e f f e c t ,  
E f f o r t s  
Thus f a r ,  i n  t h i s  proqram, a l l  measurements have been e s s e n t i a l l y  
q u a l i t a t i v e ,  
absolute ca l i b ra t i on .  The photon counters thus f a r  u t i l i z e d  a r e  no t  
p a r t i c u l a r l y  s tab le  as t o  response over lonq per iods o f  time. 
photodiodes (photoce.1 Is) have been purchased which respond t o  
u l t r a v i o l e t  and v i s i b l e  l i q h t .  
responds t o  the u l t r a v i o l e t  only. 
The detectors  thus f a r  employed have no t  been q iven 
Some 
3ne type, obtained f rom I T  and T 
l -  
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bTedia, R o b e r t  Katz, rTincir .aL Inves t izs :  7r' 
Two s t a c k s  of emulsion have  been exposed a t  b a l l o o n  
a l t i t u d e s  t o  o b t a i n  additional heavy ion  tracks for 
s tudy ,  One s t a c k  w a s  exposed  ic a f l i g h t  o r i g i n a t i n g  
over  New Mexico, through t 9 e  cour t e sy  of  P r o f ,  M. 
P r ied l .+nder ,  Washington l i n l v e r s i x y ,  St. Louis, and 
t h e  o t h e r  s t a c k  was exposea i n  a f l i g h t  originating a t  
Church i l l ,  t h r o u g h  cour tesy  of D r .  Donald GUSS, NASA.' 
Both ' s tacks were processed i n  P r o f .  F r i e d l a n d e r ' s  l abo ra to ry .  
'Phroiah t h e  experience gained i n  t h e s e  ope ra t ions  we 
expect t o  s e t  up o u r  own process ing  f a c i l i t y  . Both 
f l i g h t s  were success fu l .  The s t a c k s  are now be ing  scanned. 
Process ing  r a c k s  and o t h e r  devices  a r e  now being designed. 
Two papers  have been nresenl;ed a t  t h e  March 1965 
meeting o f  t h e  American Phys ica l  S o c i e t y ,  a s  follows: 
Bio log ica l  E f f e c t s  of Heavy Ior- I r r a d i a t i o n ,  J , J .  But t s  
and Robert Katz, B u l l .  Am. Phys. SOC. 11. I O ,  378 (19G5) 
Faper KF 1'. 
-
Width of Ion Tracks in  Emulsiop, E. J. Kobetich J.J. But t s ,  
and R. Katz ,  Bul l .  Am. Phys. SOC. 11 2 , 3'/9 (1765) KF 12. 
Work con t inues  i n  an a t tempt  t o  improve t h e  method 
o f  measurement of t r a c k  width, t o  ga in  d a t a  an more t r x k s ,  
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' a  
!rc 
'.iIc nf 0..157'/11, It i q  1,clicvrtl that cr'rqt.11 strtiin is i h c  
1'1 illlatp rqiitw for c x p l o ~ i o n ~  r lu r i rq  grnwt t i , '  StartinK grow tIi  
-11 :I i i i c l i  trtiipwaliirr anrl uiiifwrniy cool ing  thr winplr 
qtiKicicnily rlriwly aiinr.119 thc rrj.stal(n). l ' h i q  prorrs+ h.t* 
l~ror l i i r r r l  20-50 crystals pcr minplc vial wit ti no explosiori\. 
I r. P. n o w h  and A. n. VoRr, Fnj /  Rrnrfinmc fa .WI,~I (Buttmnrths  
S+ntlftr hblkatlonn.  landon. 1958). n. 123. 
I%'. c. McCrone. l'rnc. Uadc Contrmlwr Con[.. 9th. USAERDL (at. 
1360). p. 7. 
K P 9 .  Porltron Llfstlrnrr Ln Meld-Ammanin Salutlanr: L. 11. 
I ; n w r r d y  o/ 7cxn.i .  -The lifctimcs of positrons have hccn 
tiic.iwrr(l in soliitions of lithium in liquid ammonia with a 
rcwlution of 0.5 nwc. Thc meml concentration was varicd 
Iroiii n molc ra:ion (Li :Xl l , )  of 0.0003 toO.03; measumnient~ 
wrrc alw matlc i n  purc N l i ~ ,  all a t  -65°C. X lifctimc of 1.6 
nwc was found i n  pcre Nll,for the longcomponcnt; thissame 
componcnt had n lifctimc of 0.6 nscc i n  the most conmntratrd 
solution. 'rhc fr.iction a s w i a t c d  with this comimnent varicd 
from 28% to 13% ovcr thc tame range, but was conmntration 
iiidrpcndcnt at  mole ratios above 0 . 0 3 .  At concentrations 
near a mole ratio of 0.005, evidence was found for a 3rd, lonc- 
lived, ronipnncnt. 
Rrirarch andntnf by the U. S Office or Naval Research. the National 
Sclmrc Foundallon. and the R. A. Wdch Foundallon. 
))I! I I :YMAN.  w. 1:. MIILETT. A H D  J .  c. TIl9MPSON. The 
KFIO. Soft X-RAY Disometry for Radiation-Chemistry Studies 
of Hpdrourbonr: OTTO ti. HILL. Gnirersily o/ Afisrouri, RoNa. 
- -Fundamental radiation-chemistry s:udits dedicatd 10 
dynamic mea;lCurcmenu of the rafts a t  which plrticular chenii- 
Gll rcactions arc induced in a material system during exposure 
to a radiation ftrlrl r q u i r e  that the radiatioii source he in- 
trgrally mated to the analytical equipment to be employed. 
'This may bc provided by relatively low encrg-y ( <  100 kV) 
x-ray murccs. Customary rcscrvations regarding the quality of 
thc closimctry availatilc for such sourms have b e e n  relicvcd by 
the tlcsijin and tlcvclopmcnt of homwcneoiis, variable plate- 
scpiration ion chambers (consistingof plycthylrne bodiesand 
iitilizinfi ct Iiylcnc as the cavity gas) to specify absdufe enerry 
clcpoqition in typical hydrwarbons with an  accuracy of &7%. 
Spccihcation ol the energy dcponition in the cavity gas, which 
1s cxcmpt from criticisms tnscd upon inherent chamber i n -  
hommcneities, is dcdumd from lim A I / A V  as  V increases 
without limit, where I is the ioniration current and Y is the 
collcctor volume. Thcsc techniques are also exempt f rom 
criticisms based lipon satisfaction of geometrical equivalence 
and "electronic cquilibrium" in mmple systems and are 
particularly ndap tabk  to radiation dose specification in thin 
(3-15 mil) mmple specimens, which are requircd in many 
analytical studies. The  unique a d v a n t a p s  provided by such 
aources nnd thc associate4 dosimetry techniques arc discussed, 
toget l r r  with examplcs of dynamic analytical applirationa 
Wmt .o wed at Gmnd D m m h  Carp.. Part Worth. br tbe U. 5. 
Air Force kcamom Irburmrmy. 
K F l l .  Biological Effects d Heavy-Ion hadintion. J. J. BUTTS 
(introduced by R o l r r t  Katr) AND ROBERT KATZ, Kaasar 
SIak Ilniccrsify.-The relative inactivation cross ecctions for 
ions of dilTcrent 2 may I= predicted by use of a rccently de- 
vrlopcd thcory of track width in emulsion.' The dose deliveml 
to thc matcrial by d-rays is calculated a s  a function ol distance 
from thc ion's path using the wcll-known &ray energy spec- 
trum and an extrapolated rangcencrgy relation for very slow 
clcctrons. The  m c a s u d  uoss scction is interpreted as the 
area of a cylinder or material inactivated by the passing ion 
and is calculated thcorctisl ly by assuming a threshold 
inactivation dose E* characteristic of each biological material. 
Our olculat ions are in good agmment with relative cross 
rcctions measured by Dolphin and Hutchinson' for two dimer- 
ent enzymea with Z = l ,  6 ,8 ,9  at g-0.145. We have no med 
s ~ : s s l O S S  KI: 
x K F I Z .  Width of Ion Tracks in Emulsion. E. J.  k'onETtCll 
t inimluced t iy R. Katz). J. J. B ~ ~ T T s .  A M I  I < .  KATL Kanscu 
> I n k  Cinirrrsily.-r:xi~rimcnt;il studies of the energy flux 
nnd electron pcnctration throufih thin hlmT of ctluniiniirn by 
norinally i n (  itlciit low-rncrgy elcctroiis, by Ka titer and Stcrn- 
Clais,' have b c n  applied to thc calculation of t h r  width of  ion 
rr.3rks in emulsion. As in the width thcory of K a t z  and Butts.' 
i t  13 assumcd t h a t  an emulsion grain is srnsitized when the 
ionization energy deposited hy &rays excreds a threshold 
\ alue. charactrri-tic of the emulcion. The p rcvn t  motlcl 
a5;iimes 6-rays to bc ejected normal to thc ion'3 p a t h .  and 
iRiiores the diffcrcnce hetween electrons normally incident 
onto a plane slali and electrons radially cjectcd into a solid 
rblindrr. In pencr.11, the new model isinagrcenicnt with rcsultr 
of the earlirr calculation, even as t o  the threshold d m r p  for 
Krain scnsitiration, but  the number of adjustahlc paametcrs  
requircd for the calculation has bccn reduced from 3 to 1. the 
threshold cnergy. Agreement with experiment is noticeably 
i ni proved. 
111. K a n t n  and E. J .  Strrnalass. Phya Rrr. 126. 620 (1962). 
9 R. Katr and J .  J .  Hutto. Phyr R e v .  (lo be publlshcd). 
KF13. Radiation Dose for Earth-Orbiting Satellites. J A N E  B. 
BLt7AltD. Physics. Enginzcrcnt a d  Chemical Cor@rafwn.- 
Sitrllitc crcws would accumulate ionizing radiation doses as 
follows: ( 1 )  continuously from cosmic rays. ( 2 )  several hours 
cach day from the trapped belts in pas.wge through the South 
Ainerican anomaly, and (3) about twice per month, on ttic 
avcraKe, from solar flares above 60" orbital inclination. Elcc- 
tron flux on the satellite walls will produre hremstrahlung in 
the cabin. A satellite with inclination between 28. and 30" 
would have a tolerable dose for a 3-month du ty  cycle at  
altitudes below 300 nm (nautical miks). The dose would in- 
crease 10-fold at an altitude of 35Onm. Highorbitnl inclination 
i v  nl 
SI,/ 
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High-Polymer Ph 
Invited Papi 
KGI. Electronic C h u g s  Transport in Polymer Solids. 
Labomfary. (30 min.) 
KG2. Electronicdly Conducting Polymers. J. H. Lwpi 
(20 min.) 
Contributed Pc 
KG3. Dielectric Crystnlline Absorption in Oxidized Pdy- 
ethylene. K. YAMAFUJI (intmduced by W. 1'. Slichter). 
Cnrncgk Insfilulc of TechnaloEy. AND Y. ISHlnA..  Rrll 'lilrphane 
Loboralories.-The dielectric crystalline absorption in oxidized 
polyethylene has been measured as a function of frcqurncy 
over the temperature range 2O0-1OOoC. The materials wcrc 
prepared by oxidizing Marlex-type polyethylene in the melt 
under ultravidet l ight  Tbe aamples rm aystallizcd from 
tbe melt oc from dilute rolulioa. Tbc absorption rtmngth 
incr 










The l a s t  few y e a r s  'lave been a 
problem o f  d e p o i a r i m t i o n  o f  an in(: 
conFii(ictahle r e v i v a l  o f  interest i n  thc 
i i ~ n t  I ~ , ~ V P  o f  a g i v c n  p o l a r i z a t i o n  by a 
tough s u r f a c e .  'The impor t ance  Q f  t h e  prohlen i s  a s s o c i a t e d  w i . t h  s e v e r a l  ap- 
p 1 i ca t. i on s , ' for  exa mp 1 e ,  po 1 a r i %a t i o n Ii i s c r i rn i na t i on f o r  t e 1 ev i s i on c ha n n e I s , 
c i r c u l a r l y  p o l a r i z e d  radar or  microwavt r c l a y s  t-tc. 
b e l i e v e  t h a t  the  d e p o l a r i z e d  return w i l l  ilepend on t h e  s t a t i s t i c a l  p r o p e r t i e s  
o f  the "surfnce o f  r e f l e c t i o n . "  
d e p o l a r i m i  r e t u r n  might  i n  t u r n  y i e l d  some i n f o r m a t i o n  on t h P  s t a t i s t i c a l  
T h e r e  i s  e v i d e n c e  t o  
In t h i s  manner, I thorough knowledge o f  
c o n s t a n t s  o f  t h e  s u r f a c e .  The d e p o l a r i z e d  re turn from a s t a t i s t i c a l l y  rough 
s u r f a c e  coverP(1 by a lnyer  w i l l  a l s o  depend  on the c o n s t a n t s  of  t h e  l a y e r  i n  
a d d i t i o n  t o  the s t ructure  o f  thc sur face .  
In g e n e r a l ,  depcntling on s c q t t e r i n g  p r o p e r t i e s  o f  t h e  s u r f a c e  a h o r i z o n -  
t a l l y  p o l a r i z e d  i n c i i i p n t  wave is ref1cctc.d a s  p a r t  vertically and as p a r t  
h o r i z o n t a l l y  p o l a r i z e d .  In c a s e s  where t h e  s u r f a c e  is ' l o c a l l y  f l a t '  t y p e  WP 
can assume t h a t  the f i e l d  s c a t t t r e d  i n  the i n c i d e n t  p l a n e  w i l l  not be d e p o l a r i z e d .  
I t  must he rvmarked here t h a t  8 smooth c o n d u c t i n g  p l a n e  a l s o  reverses the sense 
o f  r s t a t i o n a l  p o l a r i z a t i o n  and i n  the side lobes i t  changes  c i r c u l a r  t o  e l l i p -  
t i ca 1 po Iwri z a t  ion.  
From a t ho rough  senrch o f  a v a i l a h l e  I i t e r a t u r e  on the s u b j e c t  i t  i s  apparent 
t h a t  t h e  p roblem tias n e v e r  been s e r i o u s l y  a t t a c k e d ,  a l t h o u g h  i t  was r e c o g n i z e d  
q u i t e  ea r ly  t h a t  d i f f e r e n t  p o l a r i z n t i o n s  of the i n c i d e n t  wave w i l l  give rise t o  
d i f f e r e n t  r e f l e c t i o n  I 'actors.  TIiase r e f l e c t i o n  f a c t o r s  have been s t u d i e s  i n  
d e t a i l  (T'cake 1050) 2nd the ~ l e p e n ~ l e n c e  o f  these on the ang le  o f  i n c i d e n c e  ha,s -1 
1 
1 
5 a l s o  heen r e p o r t e d  ( K a t z i n ,  1960). bckmann 0 9 6 1 )  has  shown a way of a s s o c i s t -  
** I1 
iny s l o p e  o f  !he s r a t t e r i n y  elenlent w i t h  the D e p o l a r i z a t i o n  F a c t o r .  
the n a t h e m a t i c a l  c o q p l ~ x i t y  and a l s o  t t t  . , s t l  u f  corni’!+-xity iri the expe r imen ta l  
setups for  t-ht2 s t u d y  of  buch a pht?nomeaon. 
received po la r iAa t io r i  f a c t o r  obeys ;I cer t  n i n  tlist r i h u t i o r ;  i!ep(lvtiiri!j on t hc 
d i s t r i b u t i o n  o f  the s1opf.s o f  t h e  surface.. 
‘ T t i t b  avera!je d e p o l a r i z a t i o n  f a c t o ,  ( L O S S  r ’ o l a r i ~ a t i o n  f a r t  is 
‘9- t o  depend on t h e  e l cbc t r i c  prop, rticBs of  t h e  1ayr.r niicl f h c  s t a t i s t i c a l  
p a r a m e t e r s  of  the rou.lh s u r f a r c  of  t h P  l a y e r .  Thrl l ack  o f  posqihle ve thods  (ti 
e v a l u a t i n g  t h p  compl i ca t ed  i n t e g r a l s  makcs i t  c I i f f i c r r l t  t o  r e c o g n i / e  t h e  
d i s t i n c t  p a r t  p1;iyed by 13) the ~ r o p c r t i e s  o f  t h ( -  l a y e r ,  ( h )  thr. s t a t i s t i c a l  
p r o p e r t i e s  o f  t tie surfact: of the  1 a y c r ,  s e p a r a t e l y .  
An e x p e r i m ~ n t a l  i n v e s t i g a t i o n  has I ) w n  matlr’ t o  de te rmint .  n c o r r e l a t i o n  
hetween the  r l e c t r i c n l  proper t i e s  o f  a s t a t i s t i c a l l y  rougl- surface (o f  a 
d i e l t ~ c t r i c  or  p a r t i a l l y  c o n d u c t i n 3  1ayc.r) a n d  t h e  c r o s s  p o l a r i / n t i o n  c i i s t r i b u t  i on  
caused by the surface w h e n  an E:. V. wave ( v e r t i c a l l y  p o 1 a r i c . d )  i s  s c a t t e r e d  by 
the s u r f a c e .  The  results can h e  expldincci e a s i l y .  
3 





The equipment used t o  o b t a i n  the average c r r > s s p o l a r i z a t i o n  i s  shown i n  
Two antennas  a r e  used and thus  i s b l 3 t i o n  between t h e  transmitter F i g u r e  1. 
and receiver i s  i n c r e a s e d .  The antennas used a r e  DIK; - 520*, 20 d b  g a i n ,  
l , Y 0  beam w i d t h  horns.  
The i n p u t  t o  t he  r e c e i v e r  was tuned t o  p r o v i d e  a proper match. Both horns were 
a l s o  t u n e d  using URG 919 v a r i a b l e  s t u b  t u n e r s  f o  reduce r e f l e c t i o n s .  
The r e c e i v e r  was a R - l l l ’ A I ’ H  - :A, microwave superhetrodyne.  
A Varian 
A s s o c i a t e s  6312 k l y s t r o n  was used a s  the  s i g n a l  source.  
In o r d e r  .to r e d u c e  s i g n a l  v a r i a t i o n  the system s t a b i l i t y  was thoroughly 
checked. The p o s s i b l e  s o u r c e s  o f  s i g n a l  f l y c t u a t  i o n s  are:  
a )  f l u c t u a t i o n  i n  t h e  t r a n s m i t t e d  ampl i tude  
b)  v a r i a t i o n  i n  t r a n s m i t t e r  and l o c a l  o s c i l l a t o r  f requency 
c )  v a r i a t i o n  i n  gain of receiver and v i d e o  a m p l i f i e r  
d )  motion of the t r n a s r n i t t e r ,  receiver, t a r g e t  due t o  r# inds  
e) r e c e p t i o n  from some o t h e r  sources .  
However none o f  these i s  s i g n i f i c a n t  i n  our  case.  The ampl i tude  of the 
r e c e i v e d  s i g n a l  d i d  n o t  change by any a p p r e c i a b l e  degree  w h i l e  o b s e r v a t i o n s  were 
made a s  t o  t h e  ampl i tude  s t a b i l i t y  of t h e  system. 
EXPIBIMEIITAL PARAMETIBS 
O p e r a t i n g  f requency  ................................. 9.85 KMC/S. 
Antenna gain ................................ 20.0 db. 
P o l a r i z a t i o n  t r a n s m i t t e d  ....................... v e r t i c a l  
P o l a r i z a t i o n  r e c e i v e d  ................................... v e r t i c a l  and h o r i z o n t a l  
P u l s e  r e p e t i t i o n  f requency  .............................. 1000.0 C/S. 
Receiver bandwidth ...................................... 50 KC/S. 
* 
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FIG. 4 ( b )  
SCATTER1 NG 
GEO u E TRY 
ELEWNT 
(MOT D W U )  
The r e c e i v i n g  an tenna  i s  mounted i n  such way a s  t o  rcrctivt. bo th  ho- 
r i z o n t a l  o r  v e r t i c a l  p o i a r i z a t i o n .  The whole assembly can b e  moved w i t h  
r e l a t i v e  ease t o  measure the f i e l d  a t  any p a r t i c u l a r  p o i n t .  
The t a r g e t  chosen wds a c i r c u l a r  4 f t .  tliamctor d i s c  w h i c h  could be 
r e v o l v e d  360'. 
The t o p s  of these b locks  are c u t  i n  t h e  form of a pyramid whose nny les  are 
s p c c i f i e d .  
d i s t r i b u t i o n  have 
from 20' t o  70' i n  50 s t e p s .  
On t h e  d i s c  a re  mounted b locks  of wood ( F i g u r e s  2 ( a )  and 2 ( h ) .  
A 4-inch l a y e r  o f  wood w i t h  s u r f a c e  s l o p e s  s p e c i f i e d  a s  a Gaussian 
45' mean (see f i g u r e  3 ) .  The apex a n g l c  of  t h e  pyramid v a r i r ,  
n e  experiment  was performed on the roo f  of  the e n g i n e e r i n g  b u i l d i n g  ir. 
o r d e r  t o  avo id  m u l t i p l e  r e f l e c t i o n s .  
A Newlett Packard s t a n d i n g  wave i n d i c a t o r  was used t o  o b s e r v e  the rec.eivetl 
e lec t r ic  f i e l d  s t r e n g t h .  'me d i f f e r e n c e  between the h o r i z o n t a l  and v e r t i c a l  
f i e l d  s t r e n g t h s  gave a measure of  c r o s s p o l a r i z a t i o n .  The s t a n d i n g  wave i n d i c a t o r  i s  
tuned  t o  lo00 hz and t h i s  method of  measurement reduced the  n o i s e  l e v e l .  
OBSER VAT1 ONS 
0 me t a r g e t  was r o t a t e d  i n  10 s t e p s  and the v e r t i c a l  and h o r i z o n t a l  
components of t h e  f i e l d  t a b u l a t e d  a t  d i f f e r e n t  Q2 ang les .  
was a l i g n e d  i n  such a f a s h i o n  as t o  i l lumina te  t h e  t a r g e t  a t - t h e  c e n t e r  
p o i n t .  (See f i g u r e  5(a) and 5(b))  
The t r a n s m i t t e r  
The c r o s s p o l a r i z a t i o n  f a c t o r  was t a b u l a t e d  a t  each p o i n t  and an ave rage  
was e s t i m a t e d  and recorded. Thus for 8 0 and D -= d i s t a n c e  o f  the t r a n s m i t t e r  3 T 
%. 
as 10 f t . .  8 = 30' and D = d i s t a n c e  of t h e  receiver as 10 f t .  and 12 f t .  8, was 1 R L 
v a r i e d  Pron'30° t o  l l O o *  and tm curves were ob ta ined .  (Figure  4(a )  ant1 4(b)) 
The a v e r a g e < U >  is  seen t o  scat ter  around 2.5. 
0 ' *  Cor respond iny  t o  -20 t o  80'. 
10 
T h e  fo l lowing  assumptions have been mafir--fur  ?he s i n p l i c a t i o n  of  rnathcmaticc31 
p r  o r  edur  e. 
(a )  T h e  depth of t h e  1ayt.r is 5 r e a t e r  that1 wave l e n g t h  
o f  the i n c i d e n t  tqavc. 
( b )  No shadowing e f fcc t  has heen  taken i n t o  account .  
( c )  Standa rd  d e v i a t i o n  o f  f h P  s u r f a r c  h c i g h t s  on t h e  two 
s i d e s  of tnc mean value i s  f a r  g r e a t p r  than wave 
l e n g t h  and a t  t h e  samc time srnal1t.r that1 the  
d e c o r r e l a t i o n  distance. 
( d )  No m u l t i p l e  r e f l e c t i o n s  are al lowed f o r .  
For a layer t e r m i n a t e d  by a p e r f e c t  conduc to r  
When a ver t ica l ly  p 6 l a r i z e d  wave i s  r e f l e c t e d  from t h e  s u r f a c e  of a 
d i e l e c t r i c  medium; the polarization is e f f e c t e d  by both the s u r f a c e  roughness 
and t h e  medium p r o p e r t i e s ,  The p o l a r i z a t i o n  of the r e f l e c t e d  wave i s  
........ (1) H- t a n p  t a n p *  -t R+ 
R t a n p  - R t a n p p  p 2 -  + 4 
..* 
and p is connected t o  the s l o p e s  o f  rhc! rough surface by the 
re1 a t  ion 
The t r a n s m i t t e d  wave i s  given h y  
........ ( 2 )  
........ (3) 
........ ( 4 )  
The t r a n s m i t t e d  wave i s  r e f l e c t e d  by t h e  p e r f e c t l y  (smooth) conduc t ing  p l a n e  
and t h e  p o l - a r i z a t i o n  remains unchanged. F j  nal l y  w e  have a t r a n s m i s s i o n  from 
#2 t o  #l 2nd the e lec t r ic  f i e l d  
........ ( 5 )  
This  e l ec t r i c  f i e l d  p o l a r i z e d  i n  the v e r t i c a l  p l a n e  e f f e c t s  the  o v e r a l l  
p o l a r i z a t i o n  of t h e  r e f l e c t e d  wave which now i s  
........ (6)  
w h e r e  
Hence " c r o s s p o l a r i z a t i o n  c o n s t a n t  D" i s  a l s o  a f u n c t i o n  o f  these f u n c t i o n s .  
a r e  independent  . 
a 
The d e p o l a r i z e d  r e t u r n  f roa  d s t  a t  i . s t  I ( a! I c roir!lh sriI1'acfb is dependent 
i 
I 
o'n the roughness  pa rame te r s  n i  t h r  \ i a r t  act ' .  I'ic a \  t'ri;!;e c r o s c ; l I o l a r i z a t i o n  
f a c t o r  i s  b e l i e v e d  t o  c o n t a i n  infor :aat ion c j b o u t  I ti.. p a r a m e t w s  o f  t h e  rough 
s u r f a c e .  The problem h e c o w s  mort' cor1p1 i r  a t w l  , \ h v n  onr' con.;irlers B rough 
layer t e r m i n a t e d  by a contluct i n 1 1  smooth s , ir f , i t ; f> .  T h e  a v e r a g e  d e p o l a r i z a t i o n  
I 
i 
fac tor  and t h e  ave rage  c r o s s p o l a r ~ z n t  i o n  1 ' 3 r t ~ ) r  c l t~pt~t id  not. on1.p on 1 he f r equency  
I 
! 
of t h e  t r a n s m i t t e d  wave, thc ang lc  o f  i n r i d e n c f l  and t h e  rouqhness paramete r s  of 
t h e  l a y e r  but a l s o  on t h e  properties of t t i v  l ayer .  Tt i s  d i f f i c u l t  t o  r e c . q n i z e  
t h e  p a r t  p l ayed  by t h e s e  f a c t o r s  i nc t iv idua l ly  . llence an experimental 
approach  seems t o  be  l o g i c a l .  
model p r e s e n t e d  i n  t h i s  s t u d y  h a s  a t y p i c a l  v a l u e  of 2. 
ef t h e  power back s c a t t e r e d  i s  p o l a r i w l  i n  t h e  same p l a n e  as t h e  i n c i d e n t  p l ane .  
T. Hagfors (Hagfors 1365) r e p o r t s  t h a t  3'4 o f  t h c  h a c k s c a t t e r e d  ene rgy  is e x p e c t e d  
i n  t h e  same p l a n e  as  t h e  i n r i i i m t  platie.  
i n  ou r  c a s e  i s  j u s t i f i e d  f o r  two rvasnns: 
The averaqe c r o s s p o l a r i z a t i o n  f a c t o r  f o r  the 
T h i s  would mean t h a t  f 
r h r b  va lue  2 f o r  c r o s s p o l a r i z a t i o n  f a c t o r  
0 
( a )  An iin'rPa!istir mociel :$Those mean s l o p e s  were 45 . 
T h i s  was so  c h o s r ~  i n  orcic!r t h a t  <O> would be  
( t ierr ,  1964). Fur wood € Z  3 w h i l e  [lagfor's 
c o n c l u s i o n s  were t)assd O n  6: 2.6 . 1'titl v a l i c r ~  of  2 f o r  < D) f o r  our 
model seems t o  bc an ['xpected value.  
The whole expcrimcsnt rvi11 be rcpc.a!wl wi f h  i t l e n t i r a l  f a c t o r s  except. the l a y e r  







The p r i m a r y  o b j e c t i v e s  o f  t h e  tssk i!roposed a t  t h e  b e g i n n i n g  of t h i s  
f i r s t  y e a r  of a c t i v i t i e s  have  bevn 4ccomp1 ishcd. 
Optimum n o z z l e  c o n t o u r s  !lave heen o r , t a i n c d  f o r  a v a r i e t y  o f  r e a c t i o n  r a t e s  
a n d  i n i t i a l  c o n d i t i o u s ,  and  these c o n t o u r s  have ileen conparcd  r v i t h  o t h e r  a r b i -  
t r a r y  c o n t o u r s .  I n  the srnse o f  obtaining vaxinum s p e c i f i c .  impii lse  f rom the 
c x p a n s i o n  o f  d i s s o c i a t e d  hydrogen in  mini-nrrm nozz le  l cng t l i  u n c i r r  . ha l anced  
pressure c o n d i t i o n s  a t  the noLzle e x i t ,  opt ini im n o z z l e  c o n t o u r s  have  been 
found.  I t  h a s  heen shown t h a t  r c n r t i o n  r:*te i s  a s c a l i n y  f a c t o r  f o r  these 
nozz1t.s; f o r .  f i uc t l  i n i t i a l  a n d  en.! c o n d i t i o n s ,  the l e n g t h  o f  t he  optimum n o u l e  
i s  i n v e r s e l y  p r o p o t t i o n a l  t o  the r c R c t i o n  r a t e .  
Optimum noAzle c o n t o u r s  have a l s o  hpvn o b t a i n i n g  f o r  t he  e x p a n s i o n  o f  
d i s s o c i a t e d  hydrogen  i n  t h e  p r e s c n r r  o f  a p o t c n t  c a t a l y s t .  
these contoc t rs  r e q u i r e d  t h e  development  o f  a new r t a c t i o n  r a t e  e q u a t i o n  f o r  the 
idealized d i s s o c i a t e d  y a s  i n  t h e  p r e s e n c e  o f  a c a t a l y s t .  
-rile c a l c u l a t i o n  o f  
I 'he v a r i a t i o n a l  c a l c u l u s  problem which was s o l v e d  i n  t h i s  i n v e s t i g a t i o n  is 
o f  the MayPr type .  Hecause t h e  problem is  o f  the hlayer t y p e ,  one  n o z z l e  con to i i r  
o b t a i n e d  a s  a s o l u t i o n  o f  t h i s  prohlem can  be c o n s i d e r e d  t o  be  t h e  s o l u t i o n  f o r  
o n e  set of  i n i t i a l  c o n d i t i o n s  and one r e a c t i o n  r a t e  b u t  fo r  many d i f f e r e n t  e x i t  
pressures,  depend ing  on where the noLzle i s  t e r m i n a t e d .  T h i s  is n o t  e n t i r e l y  
advant,agcous,  beca i t se  the n o A s l e  i s  optimum i n  the sensp o f  p r o v i d i n g  maximrim 
s p e c i f i c  impulse i n  a g i v e n  l e n g t h  nozLle  ORIY w h e n  i t  i s  s t i p u l a t e d  t h ? t  the 




S o w  of the restilts of t h i s  invest g a t  i o n ,  p a r t  
the presence 
cu tar ly  thosir obtained 
f o r  the case of d i s s o c i a t e d  hydrogen i n  
- - ..- o f  a c a t a l y s t ,  have I e n  
T h i s  dissertation i s  
.I -- _- 
- reported i n  t h e  IJh.D, dissertat ion o f  ftichqrd H. fkrns. - 
K " 
entitlrd, "Optimtrn Sozzle Contours for w Il issociat ing Cas iriith a C a t a l y s t "  and 
was successfully defended i n  August ,  P r G .  A comprehensive report cover ing 
a l l  phases of this investigation is b e i n g  preliared, 
' -  
